Abstract. One degree latitude by one degree longitude (1ø x 1ø) data sets of carbon dioxide emissions from fossil fuel consumption and cement manufacture were produced for 1950, 1960, 1970, 1980, and 1990 
Introduction
The most important anthropogenic activity driving the increasing concentration of greenhouse gases in the Earth's atmosphere is the discharge of carbon dioxide (COO from combustion of fossil fuels. A series of papers published since 1973 has attempted to estimate the global total of CO2 emissions from fossil fuels, and some of these papers describe efforts to estimate national emissions for all countries [Keeling, 1973; Marland and Rotty , 1984 and rely on U.S. Bureau of Mines statistics for data on cemem production [Solomon, 1993] . For fossil fuels, emissions were based on apparem consumption at the national level and thus emissions from burning of bunker fuels, that is, fuels used in international commerce, and fuels used to produce nonfuel products (e.g., plastics) are not included.
Because of these exclusions, annual totals of CO2 emissions are 3.1-5.5 % less than the global totals reported by Andres et al. [1996] . Detailed summaries of the national and global CO2 emissions from fossil fuels can be found in the work by Boden et al. [1995] . This source comains data for years 1950 to 1992, bunker fuel data, and a discussion of the methods and limitations to the national CO2 data sets.
The initial 1 ø x 1 ø political unit data set was completed at the Goddard Institute for Space Studies (GISS) and is available via anonymous file transfer protocol (ftp nasagiss.-giss.nasa.gov). It describes the 1993 distribution of political units. The GISS political unit data set comams 186 countries, with 9 of these further subdivided into 168 provinces, states, or regions. Unlike the Marland et al. [1985] 5 ø x 5 ø methodology in which each grid cell was allocated in proportion to the relative areas of the countries embraced, 1 ø x 1 ø cells were assigned to a single political unit. Each cell was assigned to the spatially dominant political unit (or ocean), except that secondary consideration was given to the preservation of small countries that might otherwise not appear in the data set and to ensuring best possible representation of the total surface area of each country. Lerner et al. [1988] provide further details on the GISS political unit data set.
The initial 1 ø x 1 ø data set of human population density was completed at GISS and is also available via their ftp. It describes the 1984 distribution of human population density. Populated cells were defined as those idemified with some human use, according to Matthews [1983] . Additionally, population was added into cells with large urban areas despite not having a specific agricultural land use, as indicated by Matthews [ 1983] . However, population was not placed into cells associated only with lumbering. This procedure is idemical to that used for domestic animal populations described by Lerner et al. [1988] .
For each political unit, the populations of all urban areas with population greater than 100,000 were assigned to the proper geographic cells. A total of 1076 urban populations were thus set. Rural population was then calculated from the difference between the total population for the political unit and the sum of the urban populations located in the political unit. This remaining rural population was then distributed with uniform density among all populated cells within the political unit. The population of a cell is thus the sum of any collocated urban area population and the uniformly distributed rural population. This distribution strategy creates a 1 ø x 1 ø human population density data set with a variable spatial resolution dependent upon the country/state level from which population statistics were derived [United Nations, 1984; Europa Yearbook 1985 1986 Information Please Almanac, 1986 .
Because the GISS political unit data set used areal dominance to assign a cell to a political unit or to the ocean and because urban populations were placed by geographic coordinates, the populations of 95 coastal urban areas were assigned to cells designated as ocean in the GISS political unit data set. Similarly, the populations of 43 urban areas near political borders were assigned to cells in the neighboring political unit (e.g., the population of Lille, France, was placed in a cell identified as spatially dominant Belgium). The GISS political unit data set was modified to recode the 95 cells designated as "ocean" to appropriate political units because they had urban populations. The GISS population density data set was modified to relocate the 43 border urban area populations into the nearest cell identified with the correct political unit (e.g., the population of Lille was displaced by one cell geographically into a cell identified as being France). These population relocations were done after the cell populations were converted from population density (people per square kilometer) to absolute population (people per cell) by multiplying by the area of the cell, as determined by a simple cosine function of latitude.
In addition, the GISS political unit data set was modified for this study to add 15 political units and 10 subdivisions that occur in the U.N. energy statistics but not in the original GISS data set. The GISS population density data set was then modified to populate these 15 additional political units.
Finally, the GISS political unit data set was modified to account for political units which have changed names (e.g., Cambodia and Kampuchea) and political units which have aggregated or disaggregated (e.g., the union of North and South Vietnam) over the time period of interest . These changes are in name only and did not include minor changes in national borders.
It is in•ortant to note that the appropriate distribution of population in this application depends on the level of aggregation of the emissions data. If emission coefficients were available on a per capita or per area basis, the GISS focus on preserving total land area and assigning population to the correct cell would be appropriate. When emissions data are available at the national level, as in the energy statistics used here, population must be associated with the proper political unit. Adjustments to the initial political and population data sets ensure that summing emissions over all cells identified as country X will give the emissions total for country X and that emissions from a major city are allocated within 1 cell of the correct location of the city. Of course, this does not address the issue of how well the distribution of population within a country represents the distribution of CO2 emissions.
Integration Methodology
The three data sets were combined to provide a representation of decadal distributions of CO2 emissions from All cells with emissions greater than or equal to 27 x 106 metric tons C are identified by the major city occupying them. 
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Uncertainties
Error enters these 1 ø x 1 ø data sets of CO2 emissions through each of the three primary data sets: the estimates of national CO2 emissions; the distribution of human population density; and, to a lesser extent, the political unit data set. Revisions can be very extensive for countries where the data series are regularly revisited or can be minimal for countries where the data series are not revisited after initial dissemination. The rationale in this approach is that the magnitude of revisions that occur subsequent to initial publication will provide some clues to both the magnitude of initial uncertainty and the precision which is deemed meaningful. This error analysis is limited to the energy consumption statistics and disregards errors introduced by estimates of the fraction of fuel oxidized and the carbon coment of the fuels which separately amount to 2-4 % additional error. were estimated for each country from the data initially released in 1983, from the data as revised during the first 5 years after initial publication, and from the data as revised 10 years after initial publication. Table 4 Emission year refers to the year emissions were made. Data year refers to the year energy statistics were reported. Minimum, average, and maximum are given in percent difference from data year 1993 and were calculated from 100 x (1993 value -data year value)/1993 value. Countries refers to the number of countries included in the average; it differs year to year because of data quality errors. 
In order to get further insight into the magnitude of errors in the national
Population Data Set
Errors associated with the 1ø x 1ø population mapping are of three types: the accuracy of the 1984 population distribution, the accuracy with which population distribution represents the distribution of CO: emissions, and the appropriateness of the 1984 population distribution for representing population distribution in other years. Because the population data set assigns specific locations to urban areas of over 100,000 people, a large portion of the error is in assnming a uniform density of the rural population and errors are likely to be largest in countries with large rural populations spread over large areas, for example, Russia.
However, a consequence of using population for an emissions proxy is that national emission totals are preserved and that errors are of distribution rather than of magnitude, that is, emissions not attributed to the correct cell are probably not displaced very far. In many of the larger countries, energy consumption data are available at the state, province, or regional level, and subsequent versions of this analysis will incorporate those data to reduce reliance on the population data set and achieve more accurate within-country distribution of emissions.
Errors associated with using population density as a proxy for the distribution of CO2 emissions were discussed by Marland Table 3 .
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The appropriateness of using the 1984 population data set for distributing CO2 introduces some temporal error into the 1 ø x 1 ø CO2 emission data sets. Since the population distribution remained fixed in all data sets, the urbanization and other demographic shifts of national populations which occurred from 1950 to 1990 were ignored. 
